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Abstract 
In May 2007, E.ON Group (E.ON) set an ambitious target for reducing the specific CO2 emissions of the overall group's 
electricity generation. By 2030, E.ON will reduce the specific CO2 emissions to 360 grams per kilowatt hour, half the 1990 
figure. Thus, besides increasing the share of renewables and maintaining the nuclear share, E.ON identified the need to advance
the technology of fossil fuel fired power plants. E.ON pursues a strategy of replacing power stations at the end of their life cycle 
with new, state-of-the-art power stations which are ready to be equipped with CCS (carbon capture and storage) and therefore 
“capture ready”. 
Moreover, E.ON is developing CO2 capture and storage as this technology has the potential to drastically reduce emissions from 
coal-fired plants. Beginning in 2020, E.ON intends to have large scale CCS technology available. E.ON’s coordinated strategy 
encompasses research, development and demonstration (RD&D) and is directed towards pre combustion capture, oxyfuel and 
post combustion capture with a focus on the latter. E.ON is working together with international partners to further develop the
existing technologies for capturing of CO2 by testing advanced technologies in several pilot plants at our sites. The goal of the 
pilot projects is to optimise the downstream capture of CO2 from flue gas (post combustion capture) hence reducing the auxiliary 
power consumption of the capture process. An update on the pilot projects, suppliers and achievement made will be given. 
Besides improving the capture process itself the technology needs a significant increase of the treatable flue gas capacity 
compared to today’s limits known from chemical industry. Therefore E.ON is also involved in the development of demo scale 
projects proving the feasibility of the full CCS chain (including transport and storage). E.g. our Kingsnorth power station in the 
UK has entered the next stage of the UK Government's carbon capture and storage (CCS) competition after developers. We 
submitted an Outline Solution Bid competition on 9 November 2009. The competition is aiming to deliver the UK's first full-
scale CCS demonstration project. We have come to an agreement with both the European Commission and the Dutch 
Government on the funding of our ROAD-project. This is our joint project with Electrabel (part of GDF SUEZ) at Rotterdam-
Maasvlakte (NL). The Dutch part of the funding is now before the European Commission for State Aid approval. We will report 
about the projects and the progress made in our market units. In addition E.ON is engaged in the development of storage sites 
and transport routes for CO2. Our business unit E.ON Gas Storage is involved in several research and development activities.  
The paper will highlight E.ON’s main CCS activities. An overview will be given as well as an update on the status of the current
projects and available results. 
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1. Introduction 
A long-term growing demand for raw material and energy is clearly apparent. At the same time environmental awareness is 
growing and global society is gradually realising the dangers of climatic change which is driven by CO2 emissions. In Europe 
and the US, this development coincides with the necessity to renew a major part of the power generation fleet and the need to 
secure supply of electricity at affordable prices. Power generation from fossils fuels - especially coal - is able to meet these
requirements for a considerable time period of several hundreds of years [1]. However even though coal is a natural resource 
some of the substances released or generated by combustion (such as nitrogen and sulphur oxides, dust etc.) are hazardous to the
environment or human health. With rising awareness of the impacts of these substances in the last decades it became clear that 
integrated prevention and control of pollution arising from these hazardous emissions have to be achieved by reducing them to a
level that minimises environmental impact based on best available technology [2, 3]. For a long time carbon dioxide was not 
accounted as a pollutant since it is colourless, incombustible, non-toxic and a natural part of the air. The influence of an increased 
concentration of carbon dioxide on the climate is a very complex issue. Therefore the World Meteorological Organization 
(WMO) and United Nations Environment Programme (UNEP) established the Intergovernmental Panel on Climate Change 
(IPCC) in 1988 as an objective source of information about the causes of climate change, its potential environmental, socio-
economic consequences as well as the adaptation and mitigation options to respond to for policymakers. According to IPCC in 
order to stabilise global mean temperature increase between 2.0-2.4°C world-wide CO2 emissions must peak by 2015 [4]. 
2. Current Measures Undertaken by E.ON against Climate Change 
2.1. Current CO2 Emissions of the E.ON Group 
Table 1 lists the total E.ON CO2 Emissions from Electricity Generation in Mt. Our Central Europe market unit's CO2 emissions 
rose in 2007 due to an overall increase in electricity generation as well as a rise in the percentage of coal-fired generation. The 
UK market unit also increased power output and operated some fossil plants on higher loads than in 2006. Our Pan-European 
Gas business' CO2 emissions (not listed here) in connection with the distribution of natural gas were 0.4 million tons.  
Table 1: CO2-Emissions from Electricity Generation 
In Mt 2006 2007 2008 
US-Midwest 32.8 33.8 34.1 
UK 25.5 30.0 25.7 
Central Europe 54.0 57.1 54.2 
Nordic 0.4 0.4 0.3 
Russia   33.2 
E.ON Group 112.7 121.3 147.5 
In 2008 we made significant progress towards our goal of halving our specific CO2 emissions, lowering these from 0.5 metric 
tonnes per megawatt hour in the previous year to 0.48 t/MWh, whereas the absolute amount rose by roughly 30%. In 2008, E.ON 
emitted 147.5 million tonnes of CO2, 26.5 million tonnes more than in the previous year. 
This increase is mainly due to the inclusion of newly-acquired generating capacity from our Russian market unit. Without this, 
our absolute CO2 emissions would have been seven million tonnes lower than in 2007. CO2 emissions at our Central Europe 
market unit fell in 2008, both thanks to general improvements in generating capacities and due to a decrease in the proportion of
electricity generated from coal. Our UK market unit made particularly good progress by producing a higher proportion of 
electricity from gas instead of coal. 
2.2. CO2 Emissions Reduction Target 
E.ON has set a CO2 emissions reduction target to 360 g/kWh(el) for our own electricity generation in 2030. This means a 
reduction of 50% compared to 1990 and around 25% compared to 2008. This shall be achieved by 
 Increasing the share of renewable energy 
 Maintaining the share of nuclear energy 
 Improving the efficiency of fossil fuel based electricity generation 
 Introduction of CCS 
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This target is based on a recognition that climate change is real and that substantial CO2 reductions must be achieved. However, 
there is an absence of policies / energy market rules, that allow industry to pass the costs of lowering carbon on to the consumer, 
so there is a limit to E.ON can do in the absence of incentives such as a strong and secure price for carbon. Even with the current
uncertainties and lack of financial incentives, E.ON set this 360 g/kWh target as a Group-wide target. As the presentation will
show, it is still a challenging target - and cannot be met without considerable Group-wide effort. Where markets / incentives 
allow E.ON to go faster (as is likely in the UK and NL), then we will do so. 
2.3. Introduction of CCS 
Although substantial CO2 emissions reductions are possible by application of best available technology, emission reductions of 
more than 50% compared to the European average are not achievable by efficiency increase alone. 
1) Compared to european average in g/kWh(el-net)
2) Compared to 13. BImSchV in mg/Nm³ (the current German regulation on emissions)
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Figure 1: Comparative Emissions Reductions for 700°C Power Plant with Full Scale CCS 
Even if efficiencies could be raised to 80 % (which would theoretically require steam temperature far above 1000°C) the 
emission reduction necessary to achieve IPCC reduction targets could hardly be met. If coal is to be a part of the energy mix and 
ambitious CO2 reduction limits are set there is no other technical answer than the deployment of carbon capture and storage 
technology. CCS is at the beginning of development as a commercially mature technology for fossil fuelled power plants but 
CO2 capture rates and emission reductions of 90% and above will soon be demonstrated. If this technology is combined with 
modern steam cycles, coal consumption per MWh could be reduced (taking into account the essential additional power 
consumption of the CCS technology), while still reducing CO2 emissions by around 90% - see Figure 1. 
2.4. Carbon Capture and Storage Readiness (CCR) 
The necessary renewal of power generation capacities in Europe and the US plus the simultaneous emerging preference for low 
carbon power generation technologies are obviously challenges for utilities. CCS technologies are not ready for commercial 
application today but are widely accepted as a realistic option to upgrade conventional power plant processes for fossil fuels to 
low carbon power generation technology in the near future.  
Therefore it appears logical to design today’s new power stations in a way that ensures proper integration of additional CCS 
equipment as soon as maturity of this technology has been achieved. For E.ON it is a matter of safeguarding investment 
decisions to avoid any built-in hurdles in the current new build projects that would be an obstacle to a future upgrade to low 
carbon power generation via CCS. Substantial investigations have been undertaken to identify considerable measures to prepare 
for retrofit of CO2 capture, transport and storage equipment. Additionally E.ON engaged a technically experienced notified body 
to check whether all reasonable measures have been foreseen by our own E.ON experts. One of the most recognized certification 
bodies of Europe, the TÜV Nord, has approved and certified the carbon capture and storage readiness of five E.ON new build 
projects
1. 50plus in (550 MW, Wilhelmshaven, GER) 
2. Antwerp (1.100 MW, Antwerp, BEL) 
3. Maasvlakte 3 (1,100 MW, Rotterdam, NL) 
4. Staudinger (1,100 MW, Frankfurt, GER) 
5. Kingsnorth (2 x 800 MW, Kingsnorth, UK). 
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In general the following should be taken into account when certifying power plants as capture ready: 
 CCR requirements need to be carefully balanced in such a way that no significant efficiency penalty for the plant prior to the 
retrofit of CCS appears. 
 All potential barriers for a future CCS application need to be addressed, including proper legislation, economic incentives 
and a joint effort of governments and industry to ensure public support for CCS. As these potential barriers are not the sole 
responsibility of industry, it would not be fair to put disproportionate burden on the investor  
Carbon Capture and Storage Readiness implies requirements to the power plant process design, to the layout, arrangement 
planning and further infrastructural aspects on site. Further requirements are related to the subsequent steps in the CCS chain,
including reasonable options for storage of the captured amount of CO2 and for the continuous transport of this CO2 from the 
source to the proposed sink. Finally, within the certification process of TÜV Nord, the power plant operator has to verify his 
commitment towards CCS. This includes a visible engagement of the company to develop CCS technologies from today’s status 
to commercial maturity and also a clear statement of the board under which circumstances CCS will be retrofitted to the CCS 
ready power plant. 
3. CCS Strategy and Activities 
E.ON is following a phased approach for the further development of post combustion capture (post CC) technology (see Figure 
2). In the process of developing CCS to commercial scale by 2020 we differentiate two phases. Phase I is to improve the 
efficiency of the processes and test their practical feasibility with flue gases from coal fired power plants. These targets can be 
reached in small scale pilot plants. Carbon capture has very rarely been applied to flue gas from coal and only in very small 
scale. The necessary size of these pilot projects is in the range from <1 to 10 MW flue gas equivalent, depending on the 
development stage of the capture technology, columns, solvent, etc..  
Based on this experience, optimisation and scale-up are then required in Phase II. A large demonstration can be done either in big 
pilots of several 10 MW or in demo plants, representing the pre-commercial scale of a process. The timing of the early large 
scale demonstration will prevent some of the findings of phase I being included in the engineering for phase II. These findings
can only be implemented in the plants that will be built after 2015. 
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Figure 2: Development Path for Post Combustion Capture and Storage 
Looking at the storage pathway, it becomes clear that CO2 storage – and also transport – is a time critical element on the way to 
CCS. There are at least two different routes. One is to use depleted oil or gas fields, with an option to have access within 5 years 
from today. Use of deep saline formations will normally need more effort in technical development, regulatory permitting, 
property/mineral rights, and liability/indemnification for stored material – and will therefore take longer. In order to be able to 
store CO2 from a demo unit in a saline formation, application and permitting processes have to be already started. A fast track 
based on using depleted gas fields or oil fields might be necessary for the earliest full chain demonstration. 
CCS technology is dependent on the storage of CO2 in the deep underground, so that it is removed from the atmosphere 
permanently. Firstly, it is necessary to connect the first demonstration power plants. The imminent implementation of CCS 
technology will require increased capacity and this has to be represented by a network of transport and storage facilities. 
Therefore it is now necessary to design an upwardly compatible structure. However, it must be mentioned that this vision of an 
infrastructure, which also allows non-discriminatory access of third parties, will be very expensive. Moreover it needs public and
political support. 
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3.1. Research and Development Programs with E.ON Participation 
3.1.1. CO2 Capture 
3.1.1.1. Post Combustion Capture 
E.ON continues to support a range of studies and research initiatives on the characterisation of post-combustion capture. We fund 
four of the world's leading university based groups at the International Test Centre, University of Regina, Canada, University of 
Kentucky Center for Applied Energy Research, and the University of Texas at Austin and NTNU in Norway (via contribution to 
the SOLVit consortium). We are also involved in European collaborative projects in this area including the CAPRICE and 
CESAR Framework projects. This enables us to build up internal capabilities in support of technology implementation and 
engineering capabilities, which are now available to successfully realize demonstration projects. We are moving to further 
increase our knowledge of the technologies in a series of pilot scale plants testing candidate processes and solvents with real flue 
gas. These are described in the following sections. 
Further investigation of carbon capture-related topics is being carried out through a series of R&D projects in partnership with
key universities, for instance enabling us to analyse thermodynamics, developing simulation tools to predict steady state and 
dynamic process properties and to gain a deep understanding of environmental aspects. 
3.1.1.2. Oxyfuel
E.ON is also involved in projects to examine the basic science of oxyfuel, the combustion of coal with oxygen instead of air. Our
Combustion Test Facility at Ratcliffe in the UK provides a leading forensic capability which allows us to test combustion 
conditions; optimise NOx/burnout trade-offs; characterize the impact of oxyfuel combustion on deposition and corrosion and, 
specifically, to examine the behaviour of advanced alloys under oxy-fuel atmospheres. We participate in two UK Government 
co-funded projects (Oxycoal II and OxySOx) which have, respectively, proved oxyfuel combustion at 40MWth scale and 
examine the causes and possible mitigation options for boiler corrosion in such systems. While the German collaborative 
ADECOS project focuses on the development of technical and economic models of the oxyfuel process based on cryogenic air 
separation. Our overall goal is to have a thorough techno-economic assessment of the opportunities for this technology.  
3.1.1.3. Pre Combustion Capture 
We are also actively considering pre-combustion capture technology. This has reached a level of development where it is ready 
for demonstration technically (if not yet economically). All the required components are operated commercially, but not yet as an
integrated system. Once an integrated plant has proven its techno-economic performance, this technology will be available for 
widespread implementation. 
There are a number of specific technical challenges to enable the commercialization of pre-combustion capture IGCC plants: 
 Integration of technologies and optimizing systems 
 Poor reliability of existing IGCC plants 
 Hydrogen-rich combustion turbine applications 
 High and uncertain capital and operating costs. 
Auxiliary power requirements may also be significantly reduced with further developments in air separation technologies, CO2
separation technologies and hot gas clean up, and efficiency improvements will be provided as hydrogen firing becomes 
available for later generations of gas turbines.  
E.ON has invested in government-sponsored programs or partnerships in the light of the scale and scope of risks associated with
being a first mover in the IGCC carbon capture plant market. 
In the US, E.ON has been closely involved with the US Government’s FutureGen project, a proposed near zero emissions plant 
for producing hydrogen and electricity while using carbon capture and storage. This project was discontinued in mid-2010 and 
the FutureGen II initiative is now concentrating on oxyfuel technology.  
In the UK, E.ON carried out a feasibility study for an IGCC plant with carbon capture at Killingholme, a project currently in 
abeyance due to the focus of the initial UK Government competition on post-combustion capture. 
E.ON has collaborations with industry and university programs to study: 
 Ceramic and membrane separation technologies 
 High temperature gas purification systems 
 Pilot testing of carbon capture via hydrogen energy transfer 
 Gasification optimization tests 
 Improvements in CO2 capture solvents 
 Capture process computer simulations 
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E.ON also continues to monitor and track progress of IGCC projects internationally and maintains a dialogue with governments, 
technology suppliers, engineering, procurement and construction contractors and others. 
3.1.2. CO2 Storage 
For decades large quantities of natural gas have been stored deep underground in order to give a balance between the lower 
demand in summer and the higher demand in winter while having a seasonally constant production of natural gas. The oil 
industry currently utilises deep well injection of CO2 for increased oil production. However, the permanent storage of CO2 in the 
scale of the emissions from power plants is new. Therefore, research and development from the pilot application to the 
demonstration projects is necessary. This applies particularly to the surface installations and the injection technology, the 
distribution of CO2 in the subsurface, the long term behaviour of the CO2 in the reservoir and the monitoring for long-term 
security. Therefore E.ON is participating in numerous national and international research projects. Of particular interest are the 
results of the first injection studies in a small scale at the Ketzin site (GER) as well as the recent start of the Kentucky Geological 
Survey Deep Well Test project. Moreover, there are preparations necessary for the transport of CO2. Key outstanding questions 
are: the transport behaviour of CO2, the material and the construction of pipelines, compressor and pump technology, and the 
measurement of quality and volume of the transported CO2. E.ON is engaged in this field through our own research and 
participation in projects with third parties. 
3.2. Capture Plants Pilot Fleet 
E.ON is developing different projects, with different processes, solvents, sizes, and differing boundary conditions (see Figure 3). 
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Figure 3: Capture Plants Pilot Fleet (Locations) 
Within the framework of the Dutch CATO program and within the follow-up CATO II a broad range of CCS technologies are 
being investigated. This also includes pilot scale testing of amine-acid salt based solvents and membrane contactors for post 
combustion capture of CO2 under real operational conditions. The Dutch research organisation TNO designed the pilot plant and 
performs the test program using flue gases from the host plant, E.ON’s coal-fired power station Maasvlakte (Unit 2) in the 
Rotterdam harbour area (NL). 
In cooperation with Alstom, a 10,000 t/day capture pilot plant using the chilled ammonia process was constructed and operated at
the E.ON Karlshamn power station in Sweden. The pilot plant is located behind a FlowPack FGD of an oil-fired auxiliary boiler. 
Through EPRI partnership E.ON US is also involved in the coal fired 1.7 MW chilled ammonia pilot plant at WE Energies in 
Wisconsin, US. 
Together with Siemens, a small scale pilot plant is under operation with part of the flue gas from E.ON’s power plant Staudinger
(GER). This project is sponsored by the German Federal Ministry of Economics under the terms of the COORETEC Initiative. 
Siemens and E.ON intent to run the pilot plant until end of 2010. Siemens has been developing their technology for several years
at the Frankfurt-Hoechst industrial park. In the pilot plant the long-term chemical stability of the proprietary solvent (based on 
amino acid salts) and the efficiency of the process will be verified under real power plant conditions. In the second phase of the 
project, the process scheme will be further optimised in terms of energy consumption.  
Manufacturer Hitachi Power Europe (HPE), Belgian utility Electrabel (GDF Suez) and E.ON are co-operating in a joint project 
to design, build and operate a test facility to investigate the behaviour of different amine-based solvents in the process for CO2
capture. The main aim is the execution of scrubbing tests with different chemical solvents and different process options. The test
facility will be able to treat up to 5,000 Nm³/h flue gas commencing end of 2010 and will operate for four years. The test facility
of HPE is currently under final preparation at Gelderland power station of Electrabel near Nijmegen, NL. 
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Fluor Corporation and E. ON announced in July 2008 that the two companies have formed a strategic partnership for the 
development of a pilot plant based on Fluor’s Econamine FG plus carbon capture technology. The plant will commence 
operation in second quarter of 2011 at E.ON’s coal-fired power plant in Wilhelmshaven (GER). The primary focus of this 
partnership is to enhance the technology and to demonstrate its application to safely separate carbon dioxide. This will be the
first realization of the Fluor technology on a coal-fired power plant. The technology uses monoethanolamine (MEA) as solvent 
for efficient and environmental friendly capture of CO2.
Undertaking this pilot scale test program with different post combustion technologies generates operational experience and 
knowledge within the E.ON group which is fruitful for the up-coming demonstration phase of this technology and will 
demonstrate ways forward to improve the technology even further. 
3.3. Transport and Storage Activities 
For transport and storage of CO2, E.ON is investing in activities for research and development. Furthermore, there is a high 
engagement for possible storage sites in view of the potential power plants with CCS technology, especially for the locations 
Kingsnorth (UK), Maasvlakte (NL) and Wilhelmshaven (GER).  
3.4. EU Flagship Program 
The subsequent development step towards successful market deployment of CCS is the demonstration on a scale that allows the 
proof-of-concept at the scale of unit that would be applied to a full power plant. These can be used to demonstrate techno-
economic performance and, of course, safety and environmental performance. For this purpose E.ON makes use of its presence 
in a number or European markets to accelerate implementation where local conditions favour early deployment. E.ON has 
already launched a new built fleet to modernise its European power plant park. Therefore different projects in terms of location,
size, timing and technology are potentially available for large scale CCS demonstration (see Figure 4). In total there are 4 
projects although one of them, the Killingholme IGCC project has been put on hold after the UK HMG (Her Majesty's 
Government) decided to concentrate on post combustion capture. Also, the 50plus Project in Wilhelmshaven - which provides a 
groundbreaking opportunity to combine ultra high efficiency and post combustion capture in one power plant - has been put on 
hold due to further R&D needs and the fact that there is currently no CCS law in Germany that would allow exploration of an 
onshore saline formation for CO2 storage purposes.  
There are therefore two projects under active development. E.ON UK is planning to build two new 800 MW(el) coal-fired units 
at Kingsnorth on the Medway Estuary in the South East of the UK. The Company has progressed to the “FEED” stage of the 
competition developed by the UK HMG to demonstrate full-train capture on one of the Kingsnorth units. On 12th March 2010 
the Department of Energy and Climate Change (DECC) announced that E.ON (Kingsnorth) is awarded funding for this stage of 
the Competition. The concept includes a CO2 storage offshore in the North Sea. The pipeline scoping documents were issued on 
1st March 2010. They cover: 
 ~ 8 km overland pipeline from Kingsnorth to the Thames Estuary; 
 ~ 250 km marine pipeline from the Thames Estuary to the North Sea. 
Kingsnorth
Wilhelmshaven
Maasvlakte
Project “ROAD” –2015
(with GdF Suez/Electrabel)
UK
Germany
Netherlandsdepleted
gas fields
Project “50plus” after 2015
optionally with CCS
Project “Weser”
Saline formation after 2015
On
 ho
ld
On
 ho
ld u
nti
l
CCS
 law
Killingholme
Kingsnorth Block 5 > 2015
On
 ho
ld
E.ON UK –Feasibility
Study Killingholme
Figure 4: CCS Pilot Plants und Sites for Demo Plants in Europe 
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In Maasvlakte (NL), the new 1100 MW(el) build unit will start operation in 2012 and is therefore already under construction. 
Outline plans to upgrade this state-of-the-art power plant with a CCS demonstration were well received in the political arena and, 
in that context, the ROAD (Rotterdam, Opslag en Afvang Demonstratie) project was initiated in a joint venture with Electrabel 
Nederland. This project entails a full chain demonstration for a 250 MW post combustion facility with storage in near-shore (20
km) depleted gas fields. The project has received funding from both the EC EERP programme and the Dutch Government and is 
aiming to start operation by 2015. The project is considered to be the nucleus and first step of the Rotterdam Climate Initiative
network for CCS. Pre-engineering orders have been issued and final investment decisions will be taken by the end of 2010. 
4. Summary 
For security of supply reasons and due to economic advantages, coal will presumably remain an important energy source in the 
world‘s future energy mix. Moreover, coal plays essential roles in the electricity generation in some countries like Germany, the
United States, the Netherlands, and the United Kingdom. Nevertheless, climate protection means preventing huge CO2 volumes 
being emitted to the atmosphere. Radical reduction of CO2 emissions from new build and future coal fired power plants can be 
achieved by application of CCS technology that puts the CO2 underground where it can be stored inertly.  
Technology providing significant efficiency increases in coal fired power stations will be beneficial in all circumstances and 
paves the way for competitive low carbon power generation minimising efficiency losses. Development, demonstration and 
deployment of CCS call for a common integrated approach of utilities, equipment suppliers and policy makers. E.ON is 
concentrating its efforts on the development of post combustion capture technology as this technology is best suited for an early
transition from conventional to low carbon power from coal.  To underline its commitment, E.ON ensures the carbon capture and 
storage readiness of its new build projects, certified by TÜV Nord. 
For large scale demonstration, E.ON‘s international structure enables a broad range of potential CCS demonstration options to be
considered. The Company is actively developing two large-scale CCS demonstration projects, with two further projects, which 
had been under development, currently on hold due to financial and regulatory uncertainty.  
Additionally, E.ON is paving the way to 2nd generation carbon capture and for safe and reliable storage and transport with a co-
ordinated and wide range of R&D activities including a number of post-combustion capture pilot plants. This work, together with
parallel efforts on power plant efficiency increases, will be necessary to improve the economic competitiveness of CCS in future
power markets.  
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